Details of the intermediary metabolism of mucopolysaccharides have been studied in microorganisms and some animal tissues (1) . We have undertaken an exploration of enzymatic steps in the synthesis of mucopolysaccharides in extracts of the connective tissue which enter polyvinyl sponges inserted under the skin of guinea pigs and extracts of human synovial tissue obtained surgically.
Uridine diphosphoglucuronic acid (UDPGA)
is presumed to be the donor of glucuronic acid in the synthesis of acid mucopolysaccharides (1) . This report concerns primarily the enzymatic steps involved in the synthesis of UDPGA from glucose, and other enzymes involved in the metabolism of glucuronides, including glucuronosyl transferase and beta-glucuronidase. Schematic outline of the actions of the enzymes studied is given in Table I .
METHODS
Polyvinyl (Ivalon®9) sponges were inserted under the dorsal skin of male guinea pigs, weighing 500 ± 100 Gm., anesthetized with pentobarbital (20 mg. per Kg.). The animals were fed standard Purina guinea pig chow. After two to four weeks, they were killed by a blow on the head, and the sponges and liver were removed and homogenized separately. Synovial tissue was obtained from human beings at the time of arthrotomy for orthopedic surgery or on removal of ganglia. All steps were carried out at 0 to 40 C. Activities are expressed per milligram of protein, except where indicated. 1. Hexokinase. a) Preparation. The 0 to 50 per cent ammonium sulfate fraction from particle free supernatant was prepared following the procedure described by Crane and Sols (2) for liver hexokinase. conditions specified by Crane and Sols (2), the change in acid-labile phosphorus was determined following hydrolysis in 5 N H2SO4 for five minutes at 1000. Phosphorus determinations were done by the method of Goodwin (3). As a second method of assay, the entire incubation mixture was added to a solution containing 0.6 mM of glycylglycine buffer, pH 7.4, 0.2 MM of triphosphopyridine nucleotide (TPN), 0.01 mM of MgCl2 and 0.0015 unit of glucose-6-phosphate dehydrogenase (Sigma, Type III) in a total volume of 1.9 ml. The subsequent reduction of TPN to TPNH was read at 340 my in a Beckman DU spectrophotometer. In both procedures, controls consisted of the same incubation mixture heatinactivated at zero time, and incubation carried out with glucose omitted.
2. Phosphoglucoutnase. a) Preparation. The initial steps in the procedure described by Najjar (4) were followed; extracts were made in four volumes of distilled water, heated to 650 C., and a 0 to 65 per cent ammonium sulfate fraction obtained. Assays were done within 30 hours of the start of the preparation. b) Assay. The method of Najjar (4) was used; glucose-1-phosphate conversion to glucose-6-phosphate was determined by the fall in acid-labile phosphorus by the method of Goodwin (3) . Controls consisted of the same systems heat-inactivated at zero time. mM of tris buffer and 0.2 ,uM of 4-methyl umbelliferone in a total volume of 2.2 ml. The incubation mixture was then shaken with 10 ml. of chloroform twice to denature protein and extract unconjugated umbelliferone. Aliquots of 0.5 ml. of the incubation mixture were then incubated for one hour at 37°C. with 0.2 mM of tris buffer, pH 7.0, and 50 units of bacterial beta-glucuronidase (Sigma) in a total volume of 2.0 ml. Five ml. of glycine buffer, 0.5 M, pH 10.35, was then added and fluorescence determined and compared to the fluorescence of similar aliquots carried through the same procedure without betaglucuronidase. The increase in fluorescence following incubation with beta-glucuronidase was considered to indicate the amount of umbelliferone which was conjugated with glucuronic acid in the initial incubation.
6. Beta-glucuronidase. a) Preparation. Assays were done using homogenate suspended in 0.25 M sucrose buffered to pH 7.6. b) Assay. The procedure of Fishman and Bernfeld (7) was followed. Results are expressed as micrograms 1 The assay procedure used was based on suggestions of Dr. Gordon Tompkins of the National Institute of Arthritis and Metabolic Diseases, Bethesda, Md. This method was found to give results proportional to the amount of protein in the incubation mixture only when small amounts of enzyme activity were present. Liver homogenates were diluted so that only one mg. of protein, or less, was used in the assay. (Table III) . Following incubation, the mixtures used in the assay of the UDPG pyrophosphorylase and dehydrogenase from sponge and liver tissue were adjusted to pH 3.1, and adsorbed with charcoal (Norit A). The charcoal was eluted with ethanol containing 1: 1,000 ammonium hydroxide, and a carbazole procedure was run on the eluates according to the method of Dische (10) to demonstrate the formation of glucuronic acid. A pink color with an absorption spectrum corresponding to that of glucuronolactone was found in each instance.
Activity of these enzymes was also demonstrated in human synovial tissue (Table III) . (Table V) . DISCUSSION The intermediary metabolism of the mucopolysaccharides of connective tissue has been studied in a variety of microorganisms and some vertebrate tissues, but has not been studied previously in mammalian connective tissue. Granulation tissue proliferation can be induced in experimental animals by the insertion of polyvinyl sponges (11) . Fibroblasts, small vessels and a few giant cells appear in these sponges without inflammatory cell infiltration; the mucopolysaccharide concentration in the sponges reaches a peak at two weeks (12) . This tissue provides a means of investigation of mucopolysaccharide metabolism in mammalian connective tissue.
The finding in connective tissue of the enzymes necessary to synthesize UDPGA from glucose supports the likelihood that UDPGA is an intermediary in the synthesis of the glucuronic acid moiety of mucopolysaccharides. This possibility has been suggested by the observation of Glaser and Brown (13) that labeled UDPGA is incorporated into hyaluronic acid by the Rous chicken sarcoma.
The relatively high concentration of beta-glucuronidase in the sponge tissue is of interest in view of observation by Linker, Meyer and Weissmann (14) that this enzyme hydrolyzes glucuronidic bonds in oligosaccharides derived from hyaluronic acid. Since hepatic glucuronosyl transferase is considered the enzyme involved in the synthesis of glucuronides of a variety of phenolic, alcoholic and steroid compounds, with UDPGA serving as the donor of glucuronic acid (15) , the presence of this enzyme in connective tissue leads to speculation concerning its biologic role in that tissue. Fishman and Green (16) have suggested that beta-glucuronidase can serve to transfer glucuronic acid from preformed glucuronides to a variety of acceptors. If this mechanism is operative in vivo, the glucuronosyl transferase might form glucuronides which serve as substrate for this reaction. These considerations, however, only serve to underscore the lack of information concerning the enzyme systems involved in the synthesis of oligosaccharides and the need for further investigation.
Cytochrome c reductase was measured as an index of general metabolic activity of the tissues 
